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PROBLEM TO BE SOLVED: To remove a trace of an aromatic 
hydrocarbon contained 

in a waste water with economical advantage and at high 
efficiency. 



SOLUTION: An aromatic compound such as an alkyl benzene 
or styrene is 

adsorbed and removed by allowing a water to be treated 
containing the aromatic 

compound to contact with a high molecular adsorbent 
constituted of a 

homopolymer or a copolymer using an olefin or a dien as a 
monomer . The 

aromatic compound contains the aromatic hydrocarbon or the 



like and the concn. 

of the aromatic compound in the water to be treated is 
l-l,000ppm. As the high 

molecular adsorbent, an olefin based resin such as 
polyethylene, polypropylene 

can be used and can have any shape such as granule and 
pellet . Biological 

treating process such as activated sludge process can be 
applied to the water 

to be treated after adsorbing treated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] With a macromolecule adsorbent, this invention reduces the concentration of the aromatic 
compound under wastewater, and when processing efficiently by biological waste treatment, such as an activated 
sludge process, it relates to the useful waste- water-treatment approach. 
[0002] 

[Description of the Prior Art] There are many things containing aromatic hydrocarbon during the wastewater 
discharged from a chemical plant etc., and after biological waste treatment by activated carbon etc., such as adsorptio 
treatment and an activated sludge process, is presented, these wastewater is drained or is usually reused as treated 
water. However, since activated carbon is expensive, it is mainly applied to small-scale wastewater, and biological 
waste treatment and processing by the activated sludge process which is especially aerobic biological waste treatmen 
are mainly performed in the facility drained on a large scale in many cases. 

[0003] While said aromatic hydrocarbon makes an offensive odor generate for volatility generally, it decomposes, th 
utilization of the biological waste treatment is hard to be carried out, and concentration cannot fall' easily. Therefore, 
when wastewater containing such aromatic hydrocarbon is processed with the activated sludge process contacted tot 
air of a large quantity with an aerator, the aromatic hydrocarbon under wastewater evaporates and it is emitted into 
atmospheric air, and it becomes the cause of an offensive odor or there is a possibility of polluting an environment. I 
order to prevent generating and the environmental pollution of such an offensive odor, it is necessary using the aerat 
of closed mold to rework emission gas and to separate aromatic hydrocarbon, and down stream processing is 
complicated. Therefore, development of the simpler waste-water-treatment approach is desired. 
[0004] Contact a macromolecule adsorbent and the stream containing an organic substance in JP,6 1-254289, A, carry 
out adsorption treatment, separate the organic substance to which it stuck from an adsorbent using a solvent,' evapora 
some solvents [ at least ] containing an organic substance, and a polyphase system is made to generate, and a steam 
with many solvents is condensed, it liquefies, and the water treatment method for circulating this liquid is indicated, 
an organic substance, alkylbenzenes, such as polykaryotic aromatic compounds, such as naphthalene, and 
ethylbenzene, etc. are indicated by this reference, and the polymer of a styrene polymer, a styrene-divinylbenzene 
copolymer, acrylic ester, trimethylolpropanetrimethacrylate, and trimethylol propane diacrylate is indicated as giant- 
molecule adsorbent material. 

[0005] The water solution containing an oil content, a metal particle, etc. is contacted to the massive adsorption 
material which consists of oleophilic fiber, such as polyethylene, polypropylene, and polystyrene, adsorption treatme 
of said oil content etc. is carried out, the obtained filtered water is further contacted on a porosity hollow fiber outsid 
surface, and the clarification approach of polluted water of collecting clarification water from the interior of a hollow 
fiber is indicated by JP,55-49186, A. Moreover, the macromolecule absorbent which consists the mixture of a 
polyethylene and ethylene-propylene block copolymer of melting extrusion and a foam pellet which is made to foam 
and is obtained is indicated by JP,6-15261,A. The method of each of these reference having removed oil contents, su 
as machine oil and a fuel oil, and removing the volatile aromatic hydrocarbon (namely, aromatic hydrocarbon of a 
minute amount which dissolved to water) of the minute amount contained in water is not indicated. It is not indicated 
especially about a thing removable [ with olefin system resin / an aromatic compound ] at high effectiveness 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention is to offer the waste-water-treatme 
approach that the aromatic hydrocarbon contained in wastewater is efficiently removable at high effectiveness. Othe 
objects of this invention are to offer the waste water treatment which can remove economically advantageously the 
aromatic compound of a minute amount which dissolves during wastewater, using plastics scrap wood etc. effectivel 
The object of further others of this invention is to offer the waste- water-treatment approach suitable as pretreatment 
reducing the content of the aromatic hydrocarbon under wastewater, in advance of biological waste treatment. 



[0007] 1 

[Means for Solving the Problem] this invention persons completed this invention by finding out that a processed 
underwater aromatic compound is efficiently removable, and repeating examination further, when the processed wat 
which contains the aromatic hydrocarbon of a minute amount in the processing tub filled up with the scrap wood of a 
giant molecule (especially olefin system resin, such as polyethylene and polypropylene) was poured, as a result of 
inquiring wholeheartedly, in order to solve said technical problem. 

[0008] That is, by the approach of this invention, the processed water containing an aromatic compound is processed 
with a macromolecule adsorbent, and said aromatic compound is removed. In this approach, a giant-molecule adsorb 
may be formed with independent [ which makes an olefin or diene a monomer ], or a copolymer, for example, olefin 
system resin, and may consist of giant molecules, such as a grain and a pellet type. Volatile aromatic hydrocarbon or 
the derivative of those, for example, alkylbenzene, an aromatic series vinyl compound, etc. are contained in said 
aromatic compound. The concentration of a said processed underwater aromatic compound may be about 1-1000 pp 
In other modes of this invention, the processed water containing the benzene derivative which has at least a kind of 1 
substituents chosen from the methyl group, the ethyl group, and the vinyl group may be contacted to polyethylene, 
polypropylene, or the macromolecule that consisted of debris of ethylene propylene rubber, and adsorption treatment 
said aromatic compound may be carried out. In addition, in this description, with a "macromolecule adsorbent" and 
"adsorption", it uses with a large concept including adsorption not only by a chemical adsorption device but the 
physical or physicochemical affinity by pore structure etc., diffusion of the solute molecule to solid phase, etc., and t 
macromolecule with which the processing and processing which give adsorption capacity are not performed is also 
contained in the macromolecule adsorbent of this invention. 
[0009] 

[Embodiment of the Invention] Especially the class of aromatic compound contained in said processed underwater o 
is not restricted, for example, although you may be aromatic series heterocyclic compounds, such as a pyridine, 
aromatic hydrocarbon, the derivative of those, etc. are contained. In aromatic hydrocarbon and the derivative of thos 
for example, the aromatic hydrocarbon which has a benzene; alkyl group, For example, toluene, ethylbenzene, propy 
benzene, a cumene, butylbenzene, Monod CI -10 alkyl-benzene, such as amyl benzene (he is Monod C 1-4 preferabl 
alkyl-benzene), G Cl-10 alkyl-benzene, such as o-, m- or para xylene, and a cymene (it is G C 1-4 preferably alkyl- 
benzene), Trimethyl benzene (hemimellitene, a pseudocumene, mesitylene), Alkylbenzenes, such as tetramethyl 
benzene (pre NITEN, iso durene, durene) etc.; Styrene, Alpha methyl styrene, p-methyl styrene, alpha-vinyl 
naphthalene, Aromatic series vinyl compounds, such as a divinylbenzene; A biphenyl, diphenylmethane, Ring set 
aromatic hydrocarbon which has two or more rings, such as a triphenylmethane color and a stilbene; An indene, 
Condensed-ring type aromatic hydrocarbon, such as naphthalene, a tetralin, an anthracene, and a phenanthrene; The 
aromatic hydrocarbon which has a functional group for example, aromatic series halogenides, such as a 
dichlorobenzene, trichlorobenzene, and a bromobenzene, Aromatic alcohol, such as phenol system compounds, su 
as a phenol and cresol, and benzyl alcohol, Aromatic carboxylic acid, such as a benzoic acid and a terephthalic acid, 
benzoic-acid alkyl ester, nitroaromatics, such as aromatic amines, such as the aromatic series ether, such as aromatic 
series ester, such as a diethyl phthalate and dibutyl phtalate, diphenyl ether, and an anisole, and an aniline, and a 
nitrobenzene, etc. - etc. - it is mentioned. Processed water is independent or may contain two or more sorts of these 
aromatic compounds. 

[0010] This invention is suitable for processing of the processed water containing an aromatic compound inseparable 
filtration, precipitate, or centrifugal separation and the liquid compound which has the compound of a liquid at a roo 
temperature (10-35 degrees C), and has volatility at a room temperature preferably. Furthermore, although an aromat 
compound may be meltable and may suspend or distribute to water, this invention is useful although the water- 
insoluble nature or the poorly soluble compound which dissolves slightly to water is removed. By the approach of th 
invention, said volatile aromatic compound and the aromatic compound which is dissolving only the minute amount 
efficiently removable. Therefore, even if it presents the waste water treatment of further others, for example, biologic 
waste treatment, with processed water, an aromatic compound volatilizes, an offensive odor is emitted or there is 
almost no fear of air pollution during processing. 

[001 1] Therefore, the alkylbenzene of one to 10 (preferably carbon numbers 1-4) extent and aromatic series vinyl (fo 
example, toluene, ethylbenzene, xylene, etc.) compounds (for example, styrene etc.) are contained in a desirable 
aromatic compound for the carbon number of the compound which is the water-insoluble nature which has volatility 
a poorly soluble aromatic compound, and a minute amount dissolves to water with a liquid at a room temperature, fo 
example, benzene, and an alkyl group. Especially this invention is suitable when removing the benzene derivatives 
(alkylbenzene, styrene, etc.) which have a carbon number 1 or about two alkyl group (namely, a methyl group and an 
ethyl group), and about 1-3 substituents chosen from the vinyl group. 1-1000 ppm of 5-700 ppm of contents of a 
processed underwater aromatic compound are 10-500 ppm (for example, 100-300 ppm) extent more preferably in ma 
cases, for example. In addition, processed water may contain the organic substance, such as various inorganic 



Substances and the soluble organic substance, in addition to said aromatic compound. 

[0012] In advance of adsorption treatment, primary treatments, such as filtration, storage, common precipitate, plain 
flotation, neutralization, coagulation sedimentation, and floatation, may be given to said processed water. The' 
processed underwater quality of a big and rough solid, a suspended solid, etc. are removed by such primary treatmen 
and the processing effectiveness of wastewater can be raised. 

[0013] In an adsorption process, the feature of this invention processes the processed water containing said aromatic 
compound with a macromolecule adsorbent, and is in the point of removing an aromatic compound. Although variou 
kinds of polymers (for example, polyamides, such as acrylic resin, such as a polymethyl methacrylate, and nylon, a 
polycarbonate, etc.) can be used as long as it has adsorption capacity and an affinity to an aromatic compound as a 
macromolecule adsorbent, it is desirable to be formed [ which makes a monomer styrene resin, an olefin or dienes, su 
as polystyrene, ] with independent or a copolymer. The polymer or copolymer which makes an olefin a monomer an 
which contains a with a carbon numbers [, such as ethylene, a propylene, butene-1, a pentene -1, 3-methyl pentene -1 
4-methyl pentene -1, a hexene -1, a heptene -1, octene -1, nonene -1, and decene -1, ] of about two to ten alpha olefin 
mdependent or a copolymer (olefin system resin) as a configuration unit is contained. A with about two to six carbon 
number, especially a carbon number of about two to four alpha olefin (even inside ethylene and a propylene) is 
contained in a desirable alpha olefin. 

[0014] olefin system resin - polyethylene (for example, low density polyethylene -) Medium density polyethylene, 
high density polyethylene, etc.; Ethylene propylene rubber, An ethylene-butene-1 copolymer, ethylene-3 -methyl 
pentene -1 copolymer, copolymer [ of ethylene, such as ethylene-4-methyl pentene -1 copolymer, and a with a carbo 
number of about three to six alpha olefin ]; - polypropylene; - a propylene-butene-1 copolymer -- The copolymer o 
propylenes, such as propylene-3 -methyl pentene -1 copolymer and propylene-4-methyl pentene -1 copolymer, and a 
with a carbon number of about four to six alpha olefin, an ethylene-propylene-diene copolymer, etc. are contained. 
[0015] The polymer for which diene is made into a monomer and which contains the with a carbon numbers [, such a 
1,3-butadiene, 1,3-pentadiene, 1, 4-pentadiene, 1, 3-hexadiene, 1, 5-hexadiene, 1, and 5-deca diene, ] of about four to 
ten alkadiene as a configuration unit is contained in independent or a copolymer. Independent or the copolymer whic 
makes especially a butadiene a monomer is desirable. As such a diene system polymer, polybutadiene, a styrene- 
butadiene copolymer, an acrylonitrile-butadiene copolymer, acrylonitrile-butadiene-styrene copolymer, etc. can be 
illustrated, for example. These macromolecules are independent, or they can be used, combining them two or more 
sorts. 

[0016] Olefin system resin especially polyethylene, polypropylene, ethylene propylene rubber, etc. are contained in t 
giant molecule which constitutes a desirable adsorbent. In addition, in order to remove an aromatic compound, it is 
usually thought from points, such as compatibility, that the giant molecule of aromaticity, for example, polystyrene 
etc., is desirable. However, if it processes using olefin system resin and diene system resin which do not have a ring 
unexpectedly when this invention persons inquire, the aromatic compound of a minute amount which dissolved in 
water is efficiently removable with a high elimination factor. Furthermore, even if it is the macromolecules (for 
example, olefin system resin etc.) with which the special processing or special processing for giving adsorption 
capacity are not performed, it is useful although an aromatic compound is removed efficiently. 
[0017] the range in which the macromolecule which constitutes an adsorbent does not spoil properties over an aroma 
compound, such as compatibility and adsorbent, - the various additives of common use, for example, plasticizer;, - 
stabilizer; bulking agents and reinforcing agent (for example, zeolite, talc, mica, calcium-carbonate, silica, glass fibe 
carbon fiber, metal fiber, etc.); lubricant; antistatic-agent; anti blocking agents, such as an antioxidant, an ultraviolet 
absorbent, and a thermostabilizer, - the; coloring agent; flame-retarder; foaming agent etc. may be contained. 
[0018] The specific surface area of said macromolecule adsorbent usually More than 2cm2 / g for example, (2 - 
10000cm2 / g) - preferably more than 5cm2 / g (for example, 5-3000cm2/g) It is 10-1000cm2 / g grade more 
preferably, and a macromolecule adsorbent has the specific surface area of 10-100cm2 / g (for example, 20-50cm2 / 
extent in many cases. In addition, the rate of adsorption by the macromolecule adsorbent is considered to carry out 
proportionally [ abbreviation ] by the surface area of an adsorbent. Therefore, according to the art of this invention, 
although the larger one of the specific surface area of an adsorbent is desirable in the range which does not spoil 
workability, such as water flow nature, even if specific surface area is 10-100cm2 / g (for example, 20-50cm2 / g) 
extent, the adsorption treatment of the efficient processed underwater aromatic compound can be carried out. In 
addition, you may be foaming to the macromolecule adsorbent. Such a foaming macromolecule adsorbent has a large 
specific surface area, and its rate of adsorption is high in many cases. 

[0019] The configuration of a macromolecule adsorbent may not be limited especially unless processing effectivenes 
is spoiled, but they may be which configurations, such as the shape of a powder, a pellet type, fibrous, a cylinder, an 
letter of crushing of an infinite form. A macromolecule adsorbent is the shape of a powder (especially granular), a 
pellet type, or a letter of crushing in many cases. Furthermore, a pellet type and the letter giant molecule of crushing 
can obtain scrap wood plastics by cutting, grinding, etc., and are economically advantageous. Its specific surface are 



also comparatively large, and when collecting and reusing plastics, the giant-molecule adsorbent which consisted of 
debris is useftil while it is cheap. If a giant-molecule adsorbent is especially constituted from debris of a plastic wast 
while a deployment of plastics scrap wood is possible, an aromatic compound is smoothly removable at high 
effectiveness. 

[0020] Although the mean particle diameter of a macromolecule adsorbent can be chosen in the range which does no 
spoil water flow nature, it is usually 0.5- 10mm (for example, 1-1 0mm) extent preferably 0.1 -20mm in many cases 
[0021] According to the approach of this invention, even if it is a difficult aromatic compound (aromatic compound 
which is dissolving in the minute amount to water) to dissociate even if it presents purification means, such as an 
aromatic compound contained in wastewater especially distillation, and filtration, it can remove efficiently cheaply b 
the easy actuation of making a macromolecule adsorbent contact, and the content of an aromatic compound can be 
reduced greatly. Therefore, even if it presents biological waste treatment with processed liquids, such as wastewater 
which carried out the primary treatment with the macromolecule adsorbent, the load and offensive odor in biological 
waste treatment, generating of environmental pollution, etc. can be reduced greatly. 

[0022] In this invention, if needed, biological waste treatment may be further presented with said processed water by 
which adsorption treatment was carried out, and it may raise processing effectiveness. According to the class of 
processed water, processings, for example, aerobic biological waste treatment (for example, activated sludge treatme 
sprinkler filter processing, oxidation pond processing, rotating-disc processing, living thing-nitrification and 
demtnfication processing, aerobic digestive treatment, etc.) and aversion-biological waste treatment, of common use 
(for example, methane fermentation processing (anaerobic digestion processing) etc.) are included in said biological 
waste treatment. Aerobic biological waste treatment, especially activated sludge treatment including an aeration 
process are mcluded in desirable biological waste treatment. In this activated sludge treatment, pH of processed wate 
water temperature, the amount of oxygen (the amount of aeration), the class of microorganism and an amount, the 
amount of influents, the amount of sludge return, etc. can be suitably chosen according to the class of component 
contained during wastewater, an amount, concentration, etc. 

[0023] If said adsorption process and biological waste treatment are combined, since adsorption treatment will be 
carried out beforehand, even if processing effectiveness is low and it is the aromatic compound with which processed 
underwater concentration cannot fall easily, by the biological-waste-treatment independent, biological waste treatme 
can be performed efficiently. Therefore, it is not necessary to carry out complete treatment of the processed water aft 
performing biological waste treatment further. 

[0024] Although the approach of this invention is applicable to the various processed water containing said aromatic 
compound, l-50000mg (BOD) /of 10-10000mg /of biological oxygen demand of processed water is T 1 / 11 usually 
about 50-5000mg/l. in addition, often more preferably. 
[0025] 

[Effect of the Invention] By the approach of this invention, since it processes with a macromolecule adsorbent, the 
aromatic hydrocarbon contained in wastewater is removable at high effectiveness. Therefore, it is suitable as 
pretreatment which reduces the content of the aromatic hydrocarbon under wastewater in advance of biological wast 
treatment. Moreover, biological waste treatment can be performed efficiently, controlling generating of an offensive 
Au C 'J f 6n lf lt 1S wastewater containing aromatic hydrocarbon. If olefin system resin, such as plastics scrap woo 
and the debris of those are especially used as an adsorbent, even if it is the aromatic compound of a minute amount 
which dissolved during wastewater, it can remove cheaply economically advantageous at high effectiveness, and 
processing effectiveness can be raised. Therefore, plastics scrap wood can be used effectively. 
[0026] 

Example] Hereafter, this invention is not limited by these examples although this invention is explained more to a 
detail based on an example. In addition, measurement of the content of a processed underwater aromatic compound 
was performed by measuring the underwater amount (TOC) of total organic carbon. TOC measurement: C02 which 
burned, was made to disassemble the carbon matter in a sample in the high-temperature bulb filled up with the 
oxidation catalyst, and was generated The quantum of the concentration was carried out by the nondispersive infrare 
analyzer, and total carbon (TC) was calculated. C02 generated from the low-temperature bulb maintained at the 
temperature (about 150 degrees C) into which the organic substance in a sample is not disassembled on the other han 
The quantum of the concentration was carried out and the amount of inorganic carbons (IC) was calculated From th 
difference of TC and IC, the amount (TOC) of total organic carbon was computed. 

formula 016 elimination fact0r ^ of me aromatic compound by adsorption was computed according to the following 

Elimination factor (%) =[(TOCi-TOCt) /TOCi] xlOO (TOCi expresses TOC at the time of processing initiation amon 
formula, and TOCt expresses TOC after processing) 

As one to example 3 aromatic compound, 500ml of wastewater containing styrene 150ppm, toluene 40ppm, and 
ethylbenzene 50ppm was put into three flasks, respectively. In said flask, granular polyethylene lOg or the following 



granular polystyrene lOg was added, and it processed, agitating with a magnetic stirrer, and aging of TOC was 
measured in.it. 

[0028] Example 1: Granular high density polyethylene (HDPE; Mitsui Nippon Oil Co., Ltd. make, a trade name 707 
the average diameter of 3.8mm, spheroid-like pellet with a thickness of 2.6mm) 

Example 2: Granular low density polyethylene (LDPE; Mitsui Nippon Oil Co., Ltd. make, a trade name 128- the 
average diameter of 4.0mm, spheroid-like pellet with a thickness of 2.0mm) 

Example 3: Granular polystyrene (Daicel Chemical Industries, Ltd. make; the average diameter of 4.0-5 0mm 
spheroid-like pellet with a thickness of 2.5-4.0mm) 

Consequently, the elimination factor of the aromatic compound after [ processing initiation to ] 48-hour progress wa 
50% in 80% and the example 3 in the example 2 70% by the example 1 . 

[0029] When wastewater was processed like the example 1 except setting to lOg (example 4), 20g (example 5), and 
50g (example 6) the amount of the granular low density polyethylene used used in the four to'example 6 example 2, 
and making the processing time into 2 hours, the elimination factor of an aromatic compound was 80% in the examp 
6 75% in the example 5 65% by the example 4. 

[0030] As example 7 aromatic compound, 500ml of wastewater containing styrene 150ppm, toluene 40ppm and 
ethylbenzene 50ppm was put into the container (volume of 500ml, and internal-surface product 566cm2) of' 
polyethylene (Product made from a Sampler Tech), it was put, aging of TOC was measured, and the elimination fact 
of an aromatic compound was computed. Consequently, the elimination factor after [ processing initiation to ] 48-ho 
progress was 75%. Moreover, when the amount of each component to which it stuck was measured with gas 
chromatography and the elimination factor of each component was computed, the elimination factor of styrene was 
[ the elimination factor of ethylbenzene of the elimination factor of toluene ] 80% 60% 80%. 
[003 1] When wastewater was processed like the example 7 except replacing with an example 8 and the container ma 
from 9 polyethylene, and using the container (example 8) of polypropylene (Product made from a Sampler Tech) or 
the container (example 9) of a styrene-butadiene copolymer (Product made from a Sampler Tech), the elimination 
factor of the aromatic compound after 48-hour progress was 85% in the example 9 65% in the example 8. 



[Translation done.] 



